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Abstract:  Due to the concern on the availability of recoverable fossil fuel reserves and the 
environmental problems caused by the use those fossil fuels, considerable attention has been 
given to biodiesel production as an alternative to petrodiesel. However, as the biodiesel is 
produced from vegetable oils and animal fats, there are concerns that biodiesel feedstock 
may compete with food supply in the long-term. Hence, the recent focus is to find oil 
bearing plants that produce non-edible oils as the feedstock for biodiesel production. In this 
paper, two plant species, soapnut (Sapindus mukorossi) and jatropha (jatropha curcas, L.) 
are discussed as newer sources of oil for biodiesel production. Experimental analysis 
showed that both oils have great potential to be used as feedstock for biodiesel production. 
Fatty acid methyl ester (FAME) from cold pressed soapnut seed oil was envisaged as 
biodiesel source for the first time. Soapnut oil was found to have average of 9.1% free FA, 
84.43% triglycerides, 4.88% sterol and 1.59% others. Jatropha oil contains approximately 
14% free FA, approximately 5% higher than soapnut oil. Soapnut oil biodiesel contains 
approximately 85% unsaturated FA while jatropha oil biodiesel was found to have 
approximately 80% unsaturated FA. Oleic acid was found to be the dominant FA in both 
soapnut and jatropha biodiesel. Over 97% conversion to FAME was achieved for both 
soapnut and jatropha oil.  
Keywords:   biodiesel, petrodiesel, non-edible plant oils, soapnut, jatropha curcas L., 
sustainability 
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1.  Introduction   
The use of edible vegetable oils and animal fats for biodiesel production has recently been of great 
concern because they compete with food materials. As the demand for vegetable oils for food has 
increased tremendously in recent years, it is impossible to justify the use of these oils for fuel use 
purposes such as biodiesel production. Moreover, these oils could be more expensive to use as fuel. 
Hence, the contribution of non-edible oils such as jatropha and soapnut will be significant as a non-
edible plant oil source for biodiesel production.  
Jatropha is grown in marginal and waste lands with no possibility of land use competing with food 
production. Pant et al. [1] showed that jatropha oil content varies depending on the types of species 
and climatic conditions, but mainly on the altitude where it is grown. The study showed that the 
average oil contents in jatropha curcas L. at the elevation ranges of 400-600m, 600-800m and 800-
1000m were 43.19%, 42.12% and 30.66% of their seed weight respectively. Manian and 
Gopalakrishan [2] reported similar findings that there was a dominate utilization of photo assimilation 
for plant growth compared to oil production at the higher altitudes. In the present study, the jatropha 
seeds were collected from the elevation range of 1200-1400m.  
Soapnut is reported to be wildly grown in forests areas in Nepal in the elevation of 300-1900m [3]. 
It is reported that S. mukorossi species of soapnut grows wild from Afganistan to China, ranging in 
altitudes from 200 to 1500m in regions where precipitation varies from 150 to 200 cm/year [4]. For 
this study, the soapnut seeds were collected from the elevation of 1300m where average annual rainfall 
is 150 cm/year. The plant grows very well in deep loamy soils and leached soils so cultivation of 
soapnut in such soil avoids potential soil erosion. The soapnut tree can be used for multiple 
applications such as rural building construction, oil and sugar presses, and agricultural implements 
among others. Hence, integration of soapnut plantation along with community forestry would help to 
produce more seeds as potential sources to the biodiesel feedstock.  
In this paper, soapnut and jatropha both collected from Nepal are presented as a source for biodiesel 
production. For the first time, soapnut has been investigated as a potential source for biodiesel. The 
uses of non-edible plant oil sources are particularly important as the issue of competition of biodiesel 
feedstock with food products has drawn serious attention in the society.  
2.  Description of Plant Sources for Biodiesel Feedstock  
 
2.1 Soapnut (Sapindus mukorossi)  
 
Soapnut is a fruit of the soapnut tree generally found in tropical and sub-tropical climate areas in 
various parts of the world including Asia, America and Europe. Two main varieties (S. mukorossi and 
S. trifoliatus) are widely available in India, Nepal, Bangladesh, Pakistan and many other countries. 
Ucciani et al. [5] reported that the oil content in S. trifoliatus which is very similar to S. mukorossi 
seed kernels, was on average  51.8% of seed weight. The oil from soapnut has been considered a non-
edible oil having significant potential for biodiesel production from the material which otherwise is a 
waste material. Figure 1 and 2 are the soapnut tree showing fruit, seed, seed shell and the kernel.  
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Figure 1. Soapnut tree (Haryana-online.com, 2007) Figure 2: Soapnut fruit, seed, seed 
shell and kernel. 
 
   
 
Chhetri et al. [6] carried out a comprehensive study on the uses of various parts of the soapnut tree. 
Soapnut has several applications from medicinal treatments to soap and surfactant. Soapnut fruit shells 
have been in use as natural laundry detergents from ancient times for washing fabrics, bathing and 
traditional medicines. Mandava [7] reported that saponins from Soapnut shells can be used for 
treatment of soil contaminants. Several other studies also showed that soapnut has a great potential as a 
natural surfactant for washing the soils contaminant with organic compounds [8;9]. The recorded 
external use of saponin does not cite any toxic effects on human skin and eyes [10]. These application 
all make use of the pericarp shell and the seeds are usually waste. Hence, the use of soapnut seeds as a 
biodiesel source becomes the “waste-to-energy” scheme. Furthermore, planting soapnut trees in 
community forestry and in barren lands provides sink for carbon sequestration as well as feedstock for 
biodiesel production.  
Olsen [3] reported that the total value of exports of soapnut as medicinal use including other four 
species made up to 52% of the total non timber forest products export to India from Nepal. The totals 
of 32 non-timber forest products are exported with a total value of 8.1 million US dollar for the year 
1997/1998. Recently it was reported that the glycerol, a by-product of biodiesel production, can be 
used to produce organic acids such succinic acids by bacterial fermentation [11]. Hence, the economics 
of biodiesel from soapnut oil can easily be realized on community scale as it can be integrated in the 
community forestry plan.  
 
2.2 Jatropha (jatropha curcas L.)  
 
Jatropha curcas L. is a plant belonging to Euphorbiaceae family that produces a significant amount 
of oil from its seeds. This is a non-edible oil-bearing plant widespread in arid, semi-arid and tropical 
regions of the world. Jatropha is a drought resistant perennial tree that grows in marginal lands and can 
live over 50 years [12]. The oil content in jatropha seed is reported to be in the ranges from 30 to 50% 
by weight of the seed and ranges form 45 to 60% weight of the kernel itself [13]. The jatropha tree has 
several beneficial properties such as its stem is being used as a natural tooth paste and brush, latex 
from stem is being used as natural pesticides and wound healing, its leaf as feed for silkworms among 
other uses (Chhetri et al., 2007). It is a rapidly growing tree and easily propagated.  Figure 3 shows the Int. J. Mol. Sci. 2008, 9                           
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jatropha planted in Nepal (locally called ‘Sajiwan’ which is translated as 'long life') as a living fence to 
protect crops, its fruits and the oil-bearing seed.  
Jatropha usually grows below 1400 meters of elevation from sea level and requires a minimum 
rainfall of 250mm, with an optimum rainfall between 900-1200mm (Bosswell, 2003) [12]. This plant 
is not even browsed by animals for its leaves. Recently J. curcas is being considered as one of the 
most promising potential oil source to produce biodiesel in Asia, Europe and Africa.  Chhetri et al. 
[14] elsewhere discussed the multiple use of jatropha for different purposes. Among other parts of the 
jatropha tree, the seed has so far been found appropriate for numerous uses.  




Several studies have shown that there exists an immense potential for the production of plant based 
oil to produce biodiesel. Azam et al. [16] studied the prospects of fatty acid methyl esters (FAME) of 
some 26 non-traditional plant seed oils including jatropha to use as potential biodiesel in India. Among 
them, Azadirachta indica, Calophyllum inophyllum, J. curcas and Pongamia pinnata were found most 
suitable for use as biodiesel and they meet the major specification of biodiesel for use in diesel engine.  
Moreover, they reported that 75 oil bearing plants contain 30% or more oil in their seed, fruit or nut. 
Subramanian et al. [17] reported that there are over 300 different species of trees which produce oil 
bearing seeds. Thus, there is a significant potential for non-edible oil source from different plants for 
biodiesel production as an alternative to petrodiesel.  
 
3.  Materials and Methods  
 
Soapnut seeds (S. mukorossi) were collected from Nepal. The kernels were separated from the 
shells for oil extraction. The kernels were then cold pressed and approximately 1.5 grams of oil was 
recovered from 5 grams of kernels for duplicate samples (30% oil content). Similarly jatropha seeds 
collected from Nepal were cold pressed in “Sundhara Oil Expeller” at the Research Centre for Applied 
Science and Technology (RECAST) laboratory in Tribhuwan University, Nepal. From 1000 grams of 
jatropha seed, approximately 278 grams of oil (27.8%) was recovered. Because only the cold press 
method was used for oil extraction, the oil content recorded here is comparatively less than reported in 
the literature. Some oil might have been lost in the expeller. Chemical extraction could enhance oil 
recovery.   
For both of these oils, acid catalyzed transesterification with H2SO4 in methanol (0.5 N) was used to 
produce FAME [18]. FAME were characterized using gas chromatography (GC) with flame ionization Int. J. Mol. Sci. 2008, 9                           
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detection (FID) using a 50% cyanopropyl polysiloxane phase (Agilent Technologies, DB-23; 30 m x 
0.25 mm ID). Helium was used as the carrier gas and the gas line was equipped with an oxygen 
scrubber. The following temperature program was employed: 153 
oC for 2 min, hold at 174 
oC for 0.2 
min after ramping at 2.3 
oC min-1 and hold at 220 
oC for 3 min after ramping at 2.5 
oC min-1. FAME 
were reported as weight percent of total FA. Each FA was described using the shorthand nomenclature 
of A:Bn-X, where A represents the number of carbon atoms, B the number of double bonds and X the 
position of the double bond closest to the terminal methyl group.  
Lipid class composition was determined using thin-layer chromatography with FID on the 
IATROSCAN TH-10 Analyzer MKIII. Each biodiesel sample was dissolved in chloroform and applied 
to a chromatod. The chromarods were then developed in a tank containing a 48:48:4:1 
hexane:petroleum ether:diethyl ether:formic acid solvent system for 25 minutes. After developing they 
were oven dried and then scanned until just after the phospholipid peak Lipids were identified by 
comparison of retention times to that of pure standards. Data were analyzed with Peak Simple 
Chromatography software and area percent, uncorrected for differential response of lipids, was used to 
calculated lipid content as weight percent of total. This technique was used to determine the free fatty 
acid content and oil to methyl ester conversion for soapnut and jatropha oil.  
 
4.  Experimental Results  
 
4.1 Biodiesel (FAME) from soapnut oil  
 
Soapnut oil was found to have 9.1% free FA, 84.43% triglycerides, 4.88% sterol and 1.59% others. 
Over 97% ester yield was achieved. Biodiesel produced from the transesterification of soapnut oil was 
analyzed to determine FA composition. The FA of biodiesel produced from soapnut oil obtained by 
GC is presented in Table 1. 
Table 1. FA content of the methyl esters from soapnut oil. 
FA Structure*  Amount  (%) 
Palmitic acid  16:0  4.67 
Patmitoleic acid  16:1  0.37 
Stearic acid  18:0  1.45 
Oleic acid  18:1  52.64 
Linoleic acid  18:2  4.73 
Alpha or gamma-linolenic acid  18:3  1.94 
Arachidic acid  20:0  7.02 
Eicosenic acid  20:1  23.85 
Behenic acid  22:0  1.45 
Erucic acid  22:1  1.09 
Lignoceric acid  24:0  0.47 
Others   0.32 
Total   100.00 
*Note: Carbon number with ‘zero’ double bonds are saturated fatty aids, with ‘one’ double bonds are 
monosaturated and with ‘two’ and ‘three’ double bonds are polyunsaturated FA. 
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4.2 Biodiesel from Jatropha Oil  
 
Jatropha oil contains approximately 14% free FA [19]. It was found that over 97% ester conversion 
was achieved after acid catalyzed transesterification. The FA composition of biodiesel produced from 
jatropha oil is presented in Table 2.  
 
Table 2. FA analysis of jatropha oil biodiesel. 
  
FA  Content  Amount (%)  % as reported by Gubitz et al. [20] 
Lauric acid  12:0  0.31   
Palmitic acid  16:0  13.38  14.1-15.3 
Patmitoleic acid  16:1  0.88  0-1.3 
Stearic acid  18:0  5.44  3.7-9.8 
Oleic acid  18:1  45.79  34.3-45.8 
Linoleic acid  18:2  32.27  29.0-44.2 
Others     1.93  others 
Total   100   
 
5.  Discussion 
  
Oleic acid was the most common FA found in both soapnut and jatropha oil derived biodiesel 
products. Soapnut oil biodiesel was found to have 52.63% oleic acid (18:1), 23.84% eicosenic acid 
(20:1), 7% arachidic acid (20:1), 4.73% linoleic acid (18:2) and 4.67% palmitic acid (16:0). 
Approximately 85% of the FA found in soapnut biodiesel were unsaturated.  
Jatropha biodiesel was found to contain 45.79% oleic acid (18:1), 32.27% linoleic acid (18:2), 
13.37% palmitic acid (16:0) and 5.43% stearic acid (18:0). Palmitic and stearic acid are the major 
saturated FA found in jatropha oil biodiesel. It contains approximately 80% unsaturated FA.  
Allen (1998) summarized the FA composition of some naturally occurring oils and fats (Table 3). It 
is observed that the oleic acid content in soapnut oil (~ 52%) is comparable with the oleic acid content 
in peanut oil (53-71%), palm oil (38-52%), corn oil (19-49%) and tallow (40-50%). However, the 
palmitic acid content is comparable only with peanut oil (6-9%), rapeseed oil (1-3%) and sunflower oil 
(3-6%).  The stearic acid content is comparable with all oils listed in Table 3 except tallow which 
contains 14-29% stearic acid. Eicosenic acid is absent in most of the oils in Table 3 except for 
rapeseed oil. However, the amount of Eicosenic acid found in soapnut oil biodiesel was significantly 
higher (23.84%) than in the rapeseed oil (4-12%).  
Similarly, the oleic acid content in jatropha oil biodiesel (45.79%) was comparable with peanut oil 
(53-71%), corn oil (19-49%) and tallow (40-50%). The linoleic acid content (32.27%) was similar with 
that of peanut oil (13-27%) and corn oil (34-62%). The amount of palmitic acid content (13.79%) 
found was similar corn oil (8-12%). Jatropha biodiesel has a stearic acid content (5.43%) similar to all 
natural oils summaried in the Table 3 except tallow. The overall fatty acid content in jatropha biodiesel 
was comparable with the results reported by Gubitz et al. [20].  
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% composition of Oil/Fat 
PNO RSO  CRO  PO  SUO  TLO 
Lauric  - -  - - -  -  Tr-0.2 
Myristic 14:0 tr-1  -  Tr-.7  0.5-6    2-8 
Palmitic 16:0 6-9  1-3  8-12 32-45  3-6  24-37 
Stearic  18:0 3-6 0.4-3.5  2-5  2-7 1-3  14-29 
Arachidic 20:0  2-4  0.5-2.4  tr  tr  0.6-4  Tr-1.2 
Behenic 22:0  1-3  0.6-2.1  tr  -  Tr-0.8  - 
Palmitoleic 16:1  Tr-1.7 0.2-3  0.2-1.6 0.8-1.8  Tr  1.9-2.7 
Oleic  18:1  53-71 12-24  19-49  38-52 14-43  40-50 
Eicosenic  20:1  - 4-12  -  - -  - 
Erucic 22:1  - 40-50  -  - -  - 
Linoleic 18:2 13-27  12-16  34-62  5-11  44-75  1.5 
Linolenic 18:3  -  7-10  tr  tr  tr  - 
Note:PNO-Peanut Oil; RSO-Rapeseed Oil; CRO-Corn Oil; PO-Palm Oil; SUO-Sunflower Oil and TLO-Tallow. 
 
The amount and type of FA in the biodiesel determines the viscosity, one of the most important 
characteristics of biodiesel. Due to the presence of higher amount of long chain FA, soapnut oil may 
have a slightly higher viscosity compared to jatropha oil. Due to the presence of similar FA, jatropha 
oil biodiesel has similar viscosity to that of peanut oil, corn oil, palm oil and sunflower oil.  
Jatropha is considered as one of the mainstream alternatives for biofuel development. J. curcas is a 
multipurpose species with many attributes and considerable potential. Reddy and Ramesh (2005) [22] 
reported the comparison of properties of diesel, jatropha oil and biodiesel from jatropha (Table 4). 
Biodiesel produced from jatropha oil has similar characteristics as that of petroleum diesel which 
shows that jatropha oil is a strong alternative for the diesel replacement.  
 
Table 4. Comparison of properties of diesel, neat jatropha oil and biodiesel [22]. 
 
Properties  Diesel  Neat jatropha oil  Biodiesel from jatropha 
Density (kg/m
3 )  840  918  880 
Viscosity (cSt)  4.59  49.9  5.65 
Calorific value (kJ/kg)  42390  39774  38450 
Flash point (
0C) 75 240  170 
Cetane number  45-55  45  50 
Carbon residue   0.1  0.44  Not available 
 
Hanna et al. [23] reported that new and large markets for biodiesel demand are expected to emerge 
in China, India and Brazil. A recent report indicated that more than 1.3 million farmers in three 
counties of the provinces Guizhou, Sichuan and Yunnan in southwest China have started to produce 
jatropha for biodiesel production.  The cultivation area of the J. curcas tree in the three counties was Int. J. Mol. Sci. 2008, 9                           
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reported to be 26,667 hectares in 2007 and the figure will exceed 266,670 hectares by 2012 which 
promises an increase in annual income from 62.5 to 87.5 US dollars for each working household [24]. 
The jatropha seed is particularly suitable for biodiesel production because it can be harvested in the 
third year of plantation five or six times annually. India has also taken similar initiative to produce 
jatropha biodiesel. The Ministry of Non-conventional energy planned to produce jatropha in 3.1 
million hectares by 2008-2009 that would save Rs 95 billion equivalent of foreign currency each year 
from jatropha tree oil [25] . The total production of biodiesel is considered approximately 3 million 
tons annually at the rate of 0.94 tons per hectare. Production of non-edible oil has been the main focus 
in both these countries. Hence, development of environmentally friendly biofuel from non-edible oils 
such as soapnut and jatropha has great promise to the energy economy of developing, as well as 
developed countries.  
Brazil’s diesel consumption is 40 billion liters per year, providing huge opportunities for biodiesel 
production, and it is expected that the biodiesel market will be approximately 2 billion liters by 2013 
[26]. According to the USDA [27], biodiesel represents the biggest biofuel, accounting for 
approximately 82% of the total biofuel production in the Europe Union (EU). The EU has adopted 
regulations stating that after 2005, 2% of the total market share should be supplemented by biofuels, 
including ethanol and biodiesel, whereas the total market share to be maintained by 2010 is 5.7% [28].  
EU governments have set a target for 2020 that at least 10% of the road fuels should be contributed 
from biofuels [29].  The US is projected to be the largest biodiesel market by 2010, accounting for 
about 18% of the world’s biodiesel market [30]. Various provinces of Canada have adopted renewable 
energy portfolio standards. For example, the province of Nova Scotia has proposed regulations that 
stipulate that 5% of the total power generation will be met by renewable sources by 2010 [31].  
Goldemberg [32] summarized job creation by different energy sources including renewable sources 
(Table 5). Biomass such as wood energy and ethanol from sugarcane has significantly higher job 
requirements compared to other energy sources.  It has also been argued that biodiesel production 
requires a greater number of jobs than bioethanol production. Moreover, the environmental impact 
associated with greenhouse gas emission is significantly lower due to the extraction of CO2 by plants.  
 
Table 5. Jobs in Energy Production  [32] 
 
Sector  Jobs (person-years)/TWh 
Petroleum  260
Offshore oil  265 
Natural gas  250 
Coal 370 
Nuclear 75 





Ethanol (from sugarcane)  4000 
 
Khan et al. [33] carried out a sustainability analysis of some community-based energy projects 
including biodiesel and showed that the total output from a biodiesel system in terms of energy output, Int. J. Mol. Sci. 2008, 9                           
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environmental and socio-economic impacts are positive.  The sustainability of a biodiesel system was 
tested against the set criteria for environmental, economical and social sustainability [34;35;36]. The 





) than before the introduction of the system. The environmental benefits include 
lower emission of pollutants including CO2, CO, NOx, particulates, air toxics and sulfur, and CO2 
sequestration in the plants. Creation of a higher number of jobs during feedstock production, value 
addition of glycerin to pharmaceutical products, and production of a high value meal from the seed 
cake for poultry and animals would make biodiesel economically beneficial in the long-term. Hence, 





) thus satisfying the economic sustainability criteria. Moreover, introduction of biodiesel 
helps prevent the importing of fossil fuels, results in lower health cost due to an improved 
environment, and offers energy security and a higher economic opportunities. This all contributes to a 





Contrasting these benefits, biodiesel could have negative environmental and social aspects, such as the 
loss of catalysts in glycerol and waste wash water, higher effluent treatment cost, and competition with 
food items. These can be improved by recovering and recycling the catalysts and using waste and non-
edible oil as feedstock for biodiesel production. The economics of biodiesel can further be enhanced 
by developing a community based approach especially in developing countries [37]. Hence, 
development of biodiesel from non-edible plant sources not only provides energy alternatives but also 
provides several environmental and economic benefits.   
 
6.  Conclusions  
 
Soapnut (Sapindus mukorossi) oil and j curcas oil collected from Nepal were investigated as non-
edible oil sources for the production of biodiesel. Our results showed that both oils have great potential 
to use as feedstock for biodiesel production, owing mainly to their high oil content. Based on GC 
analysis, eleven types of FA were identified and quantified in soapnut biodiesel. Approximately 85% 
of the FA were found to be unsaturated. Similarly, six major FA were identified and quantified in 
jatropha oil biodiesel, of which approximately 80% were unsaturated. Soapnut oil was found to have 
approximately 9.1% free FA, 84.43% triglycerides and 4.88% sterol. Jatropha oil contained 
approximately 14% free FA. Over 97% conversion to FAME was achieved for both soapnut and 
jatropha oil. Biodiesel from soapnut and jatropha have been concluded to be potential environment-
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